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Background: Coal Combustion Product Impoundments

AMany older impoundments are not lined.

Contamination
BORON, CHLORIDE, CHROMIUM, IRON, MANGANESE,
SELENIUM, TOTAL DISSOLVED SOLIDS, NITRATE,
SULFATE AND THALLIUM, ARSENIC, LEAD, AND PH.

Asheville Power Station
Arden, NC 28704
Owned and Operated by Duke Energy
Corporation

Unlined Impoundment Unlined Impoundment Unlined
Impoundment

Impoundment 1964 Ash Impoundment 1982 Ash
Name Pond Name Pond Impoundment Stilling
Name Pond
Hazard Rating High Hazard Rating High
Hazard Rating Mot
Capacity 72,664,773 Capacity 290,007,290 Rated
gallons gallons
Active Yes
Ash 2,535,600 Ash 686,000
tons twons
Wastewater 9,776,000 Dam Height as
gallons
Active Yes
Dam Height 100
Active Yes

http://www.southeastcoalash.org/plant-page/?id=44

Hazard Rating: High

Asheville Power Station




Office of Fossil Energgnd Carbon Management (FECM)
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Phytotechnology Development for Identification and/or Remediation of Sites
Exhibiting Soil Contamination via Groundwater Transport of Metals from Coal

Combustion Product Impoundments

Aldentification of sites that need more aggressive monitoring and remediation
ALow-cost technology is needed to screen sites

AFacilitate a treatment development and deployment

ANo removal of the affected soils or groundwater




Coal combustion product impoundments in the region
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Sites selection: coal ash impoundments in the region
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Primary goals

- Using phytotechnology to identify leached-metal contamination

- Not being limited to a few sites (site identification should be the

outcome, screening Is important)

- Not being limited to a few number of metal-leached contaminants

- Facilitate (future) development of phytoremediation



Remote sensing: Satellite imagery

Benefits:

A Low-cost technology

A Searching for visual ques

AExtended coverage over multiple states
ANo site access needed.

Challenges:
AWhat kind of visual ques we are searching for?

ALow resolution
AWhat type of metal-leached contamination we are looking for?



Image processing: searching for abnormalities

Lack of a reference point to distinguish metal-stressed plants from those unstressed.
We donot know what the visual gues ar e

Examples of contamination bio-indicators:
- Cadmium-induced stress for rice crops, indicator: color change (Liu et al., 2018)

- Cement dust pollution, indicator: effect on plant species density and diversity
(Bayouli et al., 2021)

- Mercury In fly ash, indicator: presence in soil and vegetation samples (Huang et al.,
2017)

‘ Search for both temporal and spatial abnormalities



Factoring out other influencers

A Data-driven Smart Search!

AClimate and environmental conditions
A Soil type and properties, pH, moisture
A Structural conditions: underground geological features

How to validate our model?

A Soil sampling
A Vegetation sampling
A Geological modeling



Phytoremediation

ADatabase of hyperaccumulating plants is available.
AHow to select a site as a phytoremediation candidate? How can we rank them?

AWhat are the factors we should consider in order to select plant species?



Multiscale data-driven phytoindication and phytoremediation
framework
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Main project objectives

' A Process and analyze multi-year satellite retrievals
,  to find vegetation-related abnormalities.
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Phase I Identify leached-metal contaminations from coal
combustion products impoundments
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Multiplatform satellite observations

o Landsat 8 OLI (Operational Land Imager)
A Launched in 2013
A Resolution : 30 m
A Revisit cycle : 16 days
A Number of bands : 9

Landsat 8

o Landsat 7 ETM+ (Enhanced Thematic Mapper Plus)
A Launched in 1999
A Resolution : 30 m
A Reuvisit cycle : 16 days
A Number of bands: 8

o Sentinel-2
A Launched in 2015
A Resolution : 10-20 m
A Revisit cycle: 10 days
A Number of bands: 13

Sentinel-2




Multiband Capability of Landsat 8 OLI

Belews Creek Stream

Station in Walnut Cove, NC
thathasan hi gh haz
rating >

Satellite view with
natural color

A

Satellite view with color
Infrared (combination of
bands 3, 4, and 5)

<
<«

Satellite view with false
color (combination of
bands 4, 5, and 6)

A 4




Satellite data post-processing
Vegetation Indices

NIDAVA

EVI

NDWI1 & NDWI2
CIRE

REP

MTCI

NDRE1 & NDRE2

Data Post-Processing
A QA/QC

A Filter out clouds
A Gap-fill
A Atmospheric correction

A
A
A
A
A
A
A

NDVI: Normalized Difference Vegetation Index
REP: Red Edge Position

3 N D ¥ @alculated from the visible and near-infrared light reflected by
vegetation . Healthy vegetation (left) absorbs most of the visible light
that hits it, and reflects a large portion of the near-infrared light.
Unhealthy or sparse vegetation (right) reflects more visible light and less
near -infrared light .€

(0.50-0.08)

(0.4-0.30) -0
(0.50+0.08) (0.4 +0.30) https://earthobservatory.nasa.gov/features/MeasuringVegetation/measuring_vegetation_2.php

0.72 0.14




Soil sampling

A Select 3 affected sites for field measurements

ADesign grid-based sampling scheme
A3 transects from each impoundment
A10 m sample spacing

Hydraulic gradient

Impoundment & X & %



